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PURPOSE: To describe the causes of infantile lenticulostriate vasculopathy (LSV) as demonstrated
by sonography and propose the pathogenesis of these findings. METHODS: Five hundred eightysix infants were examined via echoencephalography because of seizures, psychomotor retardation,
dysmorphism, congenital malformation, microcephaly, macrocephaly, bulging of anterior fontanel, consciousness disturbance, or prematurity. We directed our attention on the sonographic study
to the basal ganglionic and thalamic areas. Twenty-eight of the 586 patients underwent color
Doppler studies. RESULTS: In 34 infants with gray-scale neurosonographic findings of LSV, 16
were associated with various causes that have been reported before. In 8 patients entities not
previously associated with LSV were found: neonatal lupus, neonatal hypoglycemia, uncomplicated prematurity, encephalitis, and head injury. In the remaining 10 cases, a specific cause could
not be found. The LSV was found in 16 (40%), 5 (14%), and 13 (3%) patients with perinatal,
acquired, and nonspecific causes, respectively. Generally, this is an uncommon finding because it
was observed in only 34 (5.8%) of the study infants; 24 of these 34 had a documented cause of the
vasculopathy. With LSV associated with perinatal causes there was a greater chance of sonographic LSV’s developing than with that of acquired causes. CONCLUSIONS: We suggest that
sonographic LSV is a nonspecific marker of a previous insult to the developing brain, and the
special hemodynamics of the fetal brain plays an important role in its pathogenesis.
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On gray-scale ultrasound, the vessels supplying the basal ganglia are indistinct from the
brain parenchyma in healthy infants (1, 2). We
found bright linear “branched candlestick”
stripes in these regions, suggesting lenticulostriate vasculopathy (LSV), reported in 96 infants in the English literature (3–15). The
known associated causes of these cases include
congenital infections, chromosome disorders,
maternal drug use, neonatal asphyxia, hydrops

fetalis, diabetic fetopathy, sialidosis, respiratory
distress syndrome, apnea, bacterial meningitis,
and Klebsiella pneumonia. We reviewed the
sonograms and clinical histories of 34 patients
with LSV and hypothesize a pathogenesis to
evaluate the clinical significance of this sonographic finding and to suggest a cause for its
occurrence.
Subjects and Methods
In a retrospective study from January 1991 to June
1992, 586 infants had cranial sonographic examinations
for different indications, including seizure, psychomotor
retardation, dysmorphism, congenital malformation, microcephaly, macrocephaly, bulging of anterior fontanel,
consciousness disturbance, and prematurity. The cranial
sonography was performed through the anterior fontanel
in all patients with 5-MHz or 7.5-MHz real-time sector
transducers. Coronal scans from frontal to occipital poles
and sagittal scans from right to left convexities were accomplished in every case. The basal ganglionic and thalamic areas were scanned for branching linear echogenicities. Patients with nonlinear or punctate echogenicity in the
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Fig 1. The typical sonographic pattern
of LSV in a 7-month-old girl with seizures.
A, Coronal view, gray scale. There is
bright linear echogenicity (., ,) lateral to
the thalami, bilaterally.
B, Parasagittal view, gray scale. Bright
linear echogenicity (., ,) with ramifications
radiating in basal ganglia simulating a
branched candlestick.
C, Parasagittal view, color duplex, on the
same plane as B. There is no color signal
over the echogenic stripes except a faint
signal (asterisk) over a frontal lenticulostriate branch.
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basal ganglia were excluded from our study. Sequential
follow-up of cranial ultrasound was performed every 1 to 8
weeks until anterior fontanel closure occurred in all cases.
Additional study with two-dimensional, range-gated,
pulsed color Doppler ultrasound was done in 13 patients
with sonographic LSV and was done in 15 patients without
LSV. An Acuson 128 color Doppler scanner (Acuson,
Mountainview, Calif) was used for all 28 cases. The color
Doppler signal was detected and analyzed in real time for
changes in echo amplitude, frequency, and phase shifts.
Imaging parameters were set to maximize the dynamic
range of the image. Frame averaging was set at a persistence setting of 4, a moderate edge-enhancing function
was selected (preprocessing setting 1), and the log compression was set at 50 dB. Color persistence was at the
maximal setting, the band pass filter was at the minimal
setting (100 Hz), and the color scale was at the minimal
setting (3 cm/s). Color gain was set individually to maximize vascular signal and minimize spurious tissue-motion
artifacts. All these ultrasound studies were performed, interpreted, and followed by a single experienced neurosonographer.

A computed tomography or magnetic resonance study
of the brain was performed in two cases with prolonged
consciousness disturbance and in four cases with significant progression of echogenic stripes. Cerebral angiography was not performed.
Statistical Analysis
A x2 test with Yate’s correction was used to compare
the frequency of LSV found in patients with different associated causes. A two-tailed P value below .05 was considered statistically significant.

Results
Thirty-four cases had typical findings of
bright linear echogenicity with two to four
branches of ramification located in the basal
ganglia (Fig 1A and B). In 11 of these 34 cases
the first cranial sonograms were done within 1
week after the patients were delivered at our
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hospital. The remaining 23 patients, who were
referred to our hospital at 3 to 11 months of age,
had the characteristic sonographic findings described above when they arrived. Thirty-one of
the 34 patients who presented with seizures,
psychomotor retardation, dysmorphism, or
consciousness disturbance were not born prematurely. The remaining 3 patients were of 30
to 34 weeks gestational age. Two of the 3 were
a pair of identical twins. In 11 cases examined in
the neonatal period, the typical neurosonographic findings were at the mean age of 5.5
weeks and the median age of 4 weeks. The
sonographic vasculopathy was first detected in
2 of the 11 neonates in the first week of life, 2 in
the second week, 4 in the fourth week, 2 in the
sixth week, and 1 in the seventh month. The
other 23 patients, 3 to 11 months old, were
referred from other hospitals and had abnormal
findings in their first sonographic study at our
hospital.
The vasculopathic findings on cranial ultrasound were nonprogressive in 5 cases (15%)
and progressive in the remaining 29 cases
(85%). In the latter, the echogenic stripes gradually increased in the numbers of branches,
their diameters, length, and brightness (Fig 2).
No patient showed a decrease in sonographic
vasculopathy.
Table 1 shows all the associated causes of
LSV in the literature and in our study. No specific underlying metabolic disorders were found
in the 2 patients with metabolic acidosis. There
were 2 patients with head injury: 1 had subdural
hematoma at the age of 6 months, and the other
had brain contusion at 10 months of age. No
conclusive cause could be found in the remaining 10 patients, 6 of whom had seizures and 4 of
whom had psychomotor retardation.
The associated causes in our series were divided into three groups: the perinatal causes
(group I) included 16 patients with intrauterine
infection, chromosome disorder, maternal drug
use, neonatal lupus erythematosus, neonatal
asphyxia, neonatal hypoglycemia, diabetic fetopathy, inborn error of metabolism, or hydrops
fetalis; the acquired causes (group II) included 5
patients with neonatal bacterial meningitis, encephalitis, or head injury; group III included 13
patients with nonspecific or uncertain causes.
Twenty-eight of the 34 patients had bilateral
sonographic changes. The six patients with unilateral sonographic vasculopathy belonged to
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Fig 2. The vasculopathic findings on cranial ultrasound were
progressive in this case of hypoglycemia in the neonatal period.
The echogenic stripes, gradually increasing in the number of
branches and their diameter, length, and brightness, were demonstrated in the serial parasagittal sonograms studied at the age
of 4 days (A), 3 months (B), and 6 months (C).

group III. No focal neurologic deficits were
present in these cases.
In addition to LSV, other neurosonographic
abnormalities were found in four patients: holoprosencephaly was found in one case with trisomy 13, symmetric dilatation of lateral ventricles was found in a case of congenital
cytomegaloviral infection, a case of idiopathic
psychomotor retardation was found, and a subdural collection was found in a patient with head
injury.
With color Doppler, arterial pulse signals in
the basal ganglia were easily detected in all 15
cases without sonographic LSV (Fig 3). Their
distribution and ramification were similar to the
gray-scale echogenic stripes of the patients with
LSV. Thirteen patients with vasculopathy underwent color Doppler studies. Only 3 of them
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TABLE 1: Various associations with sonographic lenticulostriate
vasculopathy
Cases in
References
3–15
Group I: Perinatal causes
69 (72%)
Intrauterine infection
36
Cytomegalovirus
23
Rubella
7
Syphylis
3
Maternal varicella
1
(possible)
2
Trisomy 13
5
Trisomy 21
2
Maternal drug use
14
Cocaine
6
Methamphetamine
4
Opiate derivative
2
Phenobarbital
1
Alcohol
1
Neonatal asphyxia
9
Neonatal lupus
...
erythematosus
Neonatal hypoglycemia
...
Diabetic fetopathy
1
Inborn metabolic disorder
1
Sialidosis
1
Metabolic acidosis
Hydrops fetalis
2
Group II: Acquired causes
4 (4%)
Bacterial meningitis
3
Encephalitis
...
Head injury
...
Klebsiella pneumoniae
1
Group III: Nonspecific causes 23 (24%)
Respiratory distress
1
syndrome
Uncomplicated prematurity
...
Apnea
1
Unknown
21
Total
96

Our
Cases

All Cases
Combined

16 (47%)
6
3
1
2
...
...
3
...
2
...
2
...
...
...
...
1

85 (65%)
42 (32.3%)
26
8
5
1
2
8 (6.2%)
2
16 (12.3%)
6
6
2
1
1
9
1

1
0
2
...
2
1
5 (15%)
2
1
2
0
13 (38%)
0
3
0
10
34

1
1
3
1
2
3
9 (7%)
5 (3.8%)
1
2
1
36 (28%)
1
3
1
31
130

demonstrated arterial color signals over the
echogenic stripes; 1 of the 3 had faint arterial
color signal over one frontal ramus of the echogenic stripes (Fig 1C). The remaining 10 cases
had no color Doppler signal in that region.
The computed tomography or magnetic resonance studies performed in six patients
showed no corresponding changes in the basal
ganglia. One case was associated with congenital cytomegaloviral infection, two with metabolic acidosis, one with encephalitis, and the
remaining two with head injury. Focal epileptiform discharges were found in only 3 of 14
electroencephalograms.
We divided our 586 infants into three groups
by different causes as shown in Table 2. The
LSV was found in 16 (40%), 5 (14%), and 13

Fig 3. The color Doppler sonographic pattern of the usual
lenticulostriate arteries.
A, Normal gray-scale appearance. The parasagittal view
showed no vascular echogenicity in the basal ganglia.
B, Color Doppler appearance of the same patient and at the
same plane as in A. Color signals were demonstrated in the basal
ganglia with similar distribution and ramification as in the grayscale echogenic stripes.

(3%) patients of group I (perinatal causes), II
(acquired causes), and III (nonspecific causes),
respectively. LSV was an uncommon finding;
it was observed in 34 (5.8%) of the infants
studied, and 24 of these had a documented
cause of the vasculopathy. Conditions occurring during or before the perinatal period had a
higher chance of developing into sonographic
LSV than those that happened after the perinatal period (group I versus group II, x2 5 5.22,
P 5 .0226).
Discussion
Sonographic LSV in infants has been associated with intrauterine infection (eg, cytomegaloviral infection, rubella, and syphilis), trisomy
13, maternal drug use, neonatal asphyxia, and
neonatal bacterial meningitis (3–15). We exam-
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TABLE 2: Number of patients with and without sonographic
lenticulostriate vasculopathy (SLV)

Group I: Perinatal causes
Intrauterine infection
Cytomegalovirus
Rubella
Syphylis
Trisomy 13
Trisomy 21
Maternal drug use
Methamphetamine
Neonatal asphyxia
Neonatal lupus
Neonatal hypoglycemia
Diabetic fetopathy
Inborn metabolic disorder
Hydrops fetalis
Group II: Acquired causes
Bacterial meningitis
Encephalitis
Head injury
Group III: Nonspecific causes
Respiratory distress
syndrome
Uncomplicated prematurity
Apnea
Others
Unknown
Total

With SLV

Without SLV

Total

16 (40%)
6
3
1
2
3
...
2
2
...
1
1
0
2
1
5 (14%)
2
1
2
13 (3%)
0

24 (60%)
4
2
1
1
0
3
1
1
4
2
3
1
4
2
31 (86%)
12
4
15
497 (97%)
23

40
10
5
2
3
3
3
3
3
4
3
4
1
6
3
36
14
5
17
510
23

51
2
421
...
552

54
2
421
10
586

3
0
...
10
34 (5.8%)

ined eight patients with LSV who had these
same diseases and five patients who had this
vasculopathy from other causes such as neonatal lupus, neonatal hypoglycemia caused by
maternal pancreatitis, uncomplicated prematurity, encephalitis, and head injury. The sonographic findings were all similar despite the different underlying causes.
In our series, 34 (5.8%) of 586 infants had
sonographic LSV as determined by cranial
sonographic examinations. The incidence of
LSV is higher than the 2.6% and 1.9% in two
other reports that included mostly newborn infants (10, 11). This may indicate our awareness
of sonographic LSV when performing cranial
sonographic examination.
An arterial pulse signal, elicited by focusing
the Doppler tracer over the echogenic stripes in
the basal ganglia, was reported in a few cases
(6, 7, 9, 14). In our experience, in infants without gray-scale sonographic LSV the detection
rate is 100% of arterial Doppler signals over the
region of basal ganglia. The low detection rate
of Doppler signals in 3 of our 13 patients with
echogenic stripes suggests that the process of
vasculopathy results in stenosis or obstruction
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of the lenticulostriate arteries. The stenotic or
obstructed lumina and the possible changes in
the wall of these lenticulostriate arteries cause
echogenic stripes on the gray-scale sonographic study.
Summing all 130 patients of the series in the
literature and ours, 85 cases belonged to group
I, 9 to group II, and 36 to group III (Table 1).
Basal meningitis with involvement of deep perforating vasculature has been reported to cause
basal ganglionic, thalamic, or putaminal encephalomalacia (1, 2); however, no similar
change was found in our 2 cases of neonatal
meningitis. Encephalitis with perivascular cuffing caused by lymphocyte accumulation has
been reported to cause perivascular mineralization in a case of progressive rubella panencephalitis (16), but in our case of encephalitis
there was no evidence of past or recent rubella
infection. Traumatic lenticulostriate change
without other abnormal findings was not found.
We consider that in the group II cases with acquired causes, the sonographic vasculopathies
are merely incidental findings unrelated to the
patients’ clinical problems. Concerning perinatal conditions, a fetal case with cytomegaloviral
infection was found to have echogenic vessels
in the thalami and basal ganglia in utero, using
the transvaginal probe at 31 weeks gestational
age (17). This evidence supports the probability
that sonographic LSV occurs in the prenatal
period. In the early weeks of fetal brain development, the germinal matrix regions near the
caudothalamic grooves are active in rapid cellular mitosis. Because of the active proliferation
occurring in these regions, the blood flow in the
lenticulostriate arteries that supplying these regions must be very high (18, 19). Many factors,
either exogenous or endogenous, influence the
germinal matrix, and insults to the brain from
hypoxia, ischemia, or other changes in these
vessels may result. The prenatal insults resulting in LSV seem not to be highly teratogenic
because there were only three cases combined
with congenital structural malformation: two
previously reported cases of meningomyelocele
(11) and a case of holoprosencephaly in one of
our patients. We assume that a trivial insult may
produce vascular changes in the regions with
relatively high blood flow, such as the basal
ganglia; however, clinical symptoms do not occur because of the abundant blood supply to
these regions. LSV is merely an indicator of
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nonspecific early insults to the developing
brain.
The sonographic diagnosis of LSV was found
in the newborns both in reported cases (3–15)
and in our patients who had their first cranial
sonographic examinations soon after birth. In
the other 23 patients included in our study after
their neonatal periods, it was impossible to say
whether their sonographic changes had existed
before their first examination or whether this
was a recent development.
Another interesting finding is that the progression of the sonographic change of LSV occurred in as many as 85% of our patients, but
there was no deterioration in the clinical course.
We suggest that the progression demonstrated
on sonograms does not have clinical significance, because most prenatal brain insults
should be inactive after birth except in those
cases with inborn errors of metabolism.
The neuropathologic finding of hypercellular
arterial walls with perivascular mineralization in
four patients reported by Teele et al was not
found in the three patients of the series of
Hughes et al (5, 11). It is clear that the controversy of perivascular mineralization can not be
clarified without pathologic examination. The
term mineralizing lenticulostriate vasculopathy
may be misleading. We suggest that sonographic lenticulostriate vasculopathy is a more
suitable name.
In conclusion, multiple causes, particularly
the perinatal ones, may be associated with LSV
as detected with sonography. We suggest that
the intracranial hemodynamics in the fetus may
play an important role in the pathogenesis of
sonographic LSV. The clinical course of these
cases was benign, despite the progression on
the sonograms.
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